University of Cape Town

Department of Molecular & Cell Biology

Deferred Exams

Course Code:
    MCB200F



Course Name: Intro to Biochemistry

Paper:
     1





Date: 8 September 2004 – p.m.

No.of pages:
7




Marks: 138

Time: 
3 Hours




Venue: Dept

Attachments: 2 pages & graph paper

ANSWER ALL THE QUESTIONS

In the interest of economy please write on both sides of the exam script
Please answer each section in a different answer book.

Dr Jerry Rodrigues







72 Marks

Section A – 35 marks

Amino acids and proteins

1. Fig 1 represents the titration curve of histidine.  Answer the following questions

 (a to h) by choosing answers I to VII. 
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Figure 1. Titration curve of histidine

(a) Identify all the pKa values on the histidine titration curve.

(b) At what point does histidine have its maximum buffering capacity in a physiological context (ie close to neutrality)?

(c) Would histidine have a good buffering capacity at pH 7.6?

(d) What point corresponds to the pI of histidine?

(e) At what point has the carboxyl group been completely titrated (first equivalence point).

(f) At what point is histidine completely titrated (ie all protons neutralized)?

(g) At what point is the average net charge of histidine –1?

(h) At what point is the average net charge on histidine equal to zero?

(10)

2.
An enzyme that catalyses disulfide-sulfhydryl exchange reactions (formation and rearrangement of disulfide bonds), called protein disulfide isomerase (PDI), has been isolated.  Inactive scrambled ribonuclease is rapidly converted into enzymatically active ribonuclease by PDI.  In contrast, insulin is rapidly inactivated by PDI.  What does this important observation imply about the relation between the amino acid sequence of insulin and its three-dimensional structure?  (think of Anfinsen’s experiments and possibly any exceptions to his findings) 


(3)

3. In a physiological buffer, Sephadex molecular sieve column chromatography (also known as size or gel exclusion) demonstrates that a protein has a molecular weight of 160 kD. When this protein is analyzed by SDS-PAGE gel electrophoresis, the result shown in lane A is obtained without the reducing agent (-mercaptoethanol.  Lane B shows the result when (-mercaptoethanol is included and lane C represents standard MW markers.


[image: image2.wmf] 


DRAW the native protein illustrating each subunit as a ball. Label any subunits by MW. Indicate with a short dark line (--) any covalent bonds between subunits.



(4)

4.
The following purification table was obtained.

	Fraction
	Vol (mL)
	Total protein (mg)
	Activity (Units)

	Crude extract
	580
	1200
	5680

	Salt ppt
	134
	155
	3420

	Ion-exchange
	58
	15
	1020

	Gel-permeation
	35
	3.8
	860

	Immuno-affinity
	8
	0.25
	350


What was the specific activity of the ion exchange-purified protein?

(2)

5.
You hear the comment that the difference between wool (fairly weak) and silk (very strong), is associated with the difference between helical and (-pleated sheet structures.  Do you consider this a valid point of view? Why or why not?



(6)

The following questions are of a multiple choice nature, please read them carefully:
6.
Which of the following is not true about the common alpha-helix? 

(a) the structure is right handed 

(b) the distance along the helix axis is 5.4 Å per turn 

(c) there are an integer number of amino acids per turn 

(d) the amino acid R-groups are on the outside of the helix 

(e) it is stabilized by hydrogen bonding 












(1)

7.
A mixture of urease (pI = 5.1, mol. wt. 482,700), catalase (pI = 5.6, mol. wt. 247,500), lactoglobin (pI 5.2,mol. wt. 37,100) and hemoglobin (pI 6.9, mol. wt. 64,500) were applied to a size-exclusion (molecular sieve) chromatography column. What was their order of elution?

(a) urease, lactoglobin, catalase, hemoglobin 

(b) hemoglobin, catalase, lactoglobin, urease 

(c) urease, catalase, hemoglobin, lactoglobin 

(d) lactoglobin, hemoglobin, catalase, urease 



(1)

8.
A mixture of Ala, Arg, and Asp in a pH 5.5 buffer was placed on a strong cation exchange column (the column is negatively charged at this pH) and eluted with the same buffer. What is the order of elution from the column? (pKa of (-NH3+ group = 9.0; pKa of (-COOH group = 2).

(a) arg, ala then asp 

(b) arg, asp then ala 

(c) asp, ala then arg 

(d) asp, arg then asp 

(e) ala, asp then arg 












(3)

9.
A peptide was found to have a molecular mass of about 650 and upon hydrolysis produced Ala, Cys, Lys, Phe, and Val in a 1:1:1:1:1 ratio. Treatment of the peptide with Sanger's reagent (FDNB) followed by acid hydrolysis produced DNP-Cys and exposure to carboxypeptidase A produced valine. Chymotrypsin treatment of the peptide produced a dipeptide that contained sulfur and has a UV absorbance, and a tripeptide. Exposure of the peptide to trypsin produced a dipeptide and a tripeptide. Deduce the sequence of the peptide. 


(Carboxypeptidase A cleaves from the C-terminal of the peptide).

(a) val-ala-lys-phe-cys 

(b) cys-lys-phe-ala-val 

(c) cys-ala-lys-phe-val 

(d) cys-phe-lys-ala-val 

(e) val-phe-lys-ala-cys 






(5)


Section B – 40 marks

(RNA, DNA, replication, transcription and translation)

1.
The largest double-stranded  RNA molecule of cytoplasmic polyhedrosis virus contains 5150 base pairs.  How long do you expect this molecule to be if extended? (A-type DNA rise per base pair = 2.9()



(2)

2. Binding sites for the interaction of polypeptides and drugs with DNA are found in the major and minor grooves. True or false?



(1)

3. Given the following sequence for one strand of a double-stranded oligonucleotide:

5’  ACCGTAAGGCTTTAG  3’

(a)
write the sequence for the complementary DNA strand.

(b) write the sequence of the RNA complementary to the strand shown above.

(2)

4. What amino acid sequence is encoded by the following base sequence of an RNA molecule? Assume that the reading frame starts at the 5’ end.


5’ - UUGCCUAGUGAUUGGAUG - 3’




(2)

5.
What are the sequences of the polypeptide chains formed on addition of poly (UUAC) to a cell-free protein-synthesizing system?  (hint:  use all ‘4’ reading frames).








(4)

6.
An mRNA transcript of a T7 bacteriophage gene contains the base sequence shown below where the underlined bases represent part of the Shine-Dalgarno sequence.


5’ – ….AACUGCACGAGGUAACACAAGAUGGUA ….– 3’



(a) Predict the effect of a mutation that changes the G marked by an arrow to A.












(3)

(b) Name the first two amino acids of the predicted polypeptide.

(2)

7.
Some aminoacyl-tRNA synthetases do not bind the anticodon of their cognate tRNAs, but instead, use other structural features of the tRNAs to impart binding specificity.  The tRNAs for alanine apparently fall into this category.  The anticodon triplet of tRNAAla is 5’ – IGC – 3’.  Describe the consequences of a G ( C mutation in the second position of the anticodon of tRNAAla.

(2)

8.
Briefly explain how you would go about doing a “footprint” experiment in order to determine the precise location of the promoter elements (eg –35 and –10 sites) on a specific piece of DNA.






(4)

9.

Compare qualitatively the accuracies of:

(a) DNA replication

(b) RNA synthesis, and

(c) Protein synthesis

Which mechanisms are used to ensure the fidelity of each of these processes?













(4)

The following questions are of a multiple choice nature, please read them carefully:

10.
If chemical analysis of a sample of DNA shows that 20% of the bases present are Guanine, what percentage would be Thymine? 

(a) 10% 

(b) 20% 

(c) 30% 

(d) 40% 

(e) 60% 












(1)

11.a)
What is the predicted amino acid sequence for a peptide resulting from the very short prokaryotic DNA gene included in the following base sequence:

3'-TAC-AGT-TCC-TTC-CTC-ATT-GTG-5' 


(note: all peptides are listed starting with the N-terminus on the left) 


(a) Met-Ser-Arg-Lys-Glu-His 

(b) Met-Thr-Thr-Asn-Glu-His 

(c) Met-Ser-Arg-Lys-Glu 

(d) Met-Ser-Arg-Lys 












(1)

  b) 
If the first base in the above DNA gene sequence was eliminated (deleted) by a mutation, what would be the resulting amino acid sequence of a protein resulting from this gene? 

(a) Cys-Gln-Arg-Thr-Ser-Asn 

(b) No protein will be synthesized 

(c) Cys-Ser-Arg-Lys-Glu 

(d) Cys-Gln-Arg-Thr 












(1)

12.
During translation initiation in prokaryotes, the small ribosomal subunit binds to: 

(a) A protein bound to the 7-MGppp cap at the 5’end of the mRNA 

(b) A protein bound to the 7-MGppp cap at the 3’end of the mRNA 

(c) The 7-MGppp cap at the 5’end of the mRNA 

(d) The 7-MGppp cap at the 3’end of the mRNA 

(e) A Shine-Dalgarno sequence in the 5’ untranslated region of the mRNA












(1)

13.
The Wobble rules define: 

(a)
A strong propensity for AT-rich regions in the DNA to melt in the presence of helicases 

(b)
Some base-pairing flexibility between the 5’ nucleotide of the codon and the 3’ nucleotide of the anticodon 

(c)
Some base-pairing flexibility between the 3’ nucleotide of the codon and the 5’ nucleotide of the anticodon 

(d)
A strong propensity for GC-rich regions in the RNA to form secondary structures 

(e)
Some base-pairing flexibility between the 3’ nucleotide of the codon and the 3’ nucleotide of the anticodon.













(1)

14.a)
Starting from double-stranded DNA with a G content of 35%, answer the following questions.  What is the content of A in the DNA?

(a)
0%

(b) 50%

(c) 15%

(d) 30%

(e) insufficient information has been provided



(1)

  b)
After transcription, what is the content of A in the resulting mRNA?

(a) 0%

(b) 50%

(c) 15%

(d) 30%

(e) insufficient information has been provided



(1)

  c)
After transcription, what is the content of T in the resulting mRNA?

(a)
0%

(b) 50%

(c) 15%

(d) 30%

(e) insufficient information has been provided



(1)

15.
The 3 potential reading frames within an internal mRNA fragment predict the following polypeptides: 

Reading frame 1:
NH2-Asp-Tyr-Cys-Gln-Trp-COOH 

Reading frame 2:
NH2-Thr-Thr-Val-Asn-COOH 

Reading frame 3:
NH2-Leu-Leu-Ser-Met-COOH 

Provide the nucleotide sequence of the coding (sense) strand of the DNA that encodes this mRNA fragment. 





(6)

Wolf Brandt








66 Marks

Section C - Enzymes

1.
The steady state kinetics of the enzyme are studied in the absence and presence of an inhibitor (inhibitor A). The initial rate is given as a function of substrate concentration in the following table:

Vo[(mmol/L)min-1]                      ַ



[S] (mmol/L)

No inhibitor

Inhibitor A



  1.25


   1.72


   0.98



  1.67


   2.04


   1.17



  2.50


   2.63


   1.47



  5.00


   3.33


   1.96



 10.00


   4.17


   2.38        ַ



(graph equals 4marks)






(4)
a) What kind of inhibition (competitive or noncompetitive) is involved?
(2)

b) Determine Vmax and KM in the absence and presence of inhibitor.
(4)

c) Calculate the enzyme substrate binding and dissociation constants
(3)

d) Calculate the Ki for the inhibitor and explain the meaning of Ki.

(3)

2.
150 ml of 0.1 M NaOH is added to 200ml 0.1 M acetic acid (pKa= 4.2) and water is added to give a final volume of 1000 ml.



(4)

a) What is the pH of this solution and




(1)

b) Will it be a good buffer






(1)

c) In what range is acetate a good buffer?

3.
According to the principles of the induced-fit model, draw a series of simple diagrams, frequently used during my lectures, explaining the following:


A dimeric allosteric protein has separate substrate, inhibitor, and activator sites; the inhibitor displays negative cooperativity towards itself and inhibits both substrate and activator binding.





(8)

4.
Define any 12 of the following terms: ES, cofactor, coenzyme, holoenzyme, apoenzyme, kinase, dehydrogenase, oxidoreductase, stereo-specificity, active site, 100% saturation, induced-fit theory, protein kinase, allosterism, homotropic, heterotropic, R and T.







(12)

5.
Describe the interpretation of the ES model, and derive the Michaelis-Menten rate equation.








(8)

6.
In the presence of a saturating amount of substrate, 1.4 mg of an enzyme results in a velocity of 6.2 mmole of product formed per minute. The molecular weight of the enzyme is 52.500 g/mole. What is the molecular activity of the enzyme?

(4)

7.
Briefly explain how enzyme use the following strategies to enhance the activity of enzymes


a) Proximity








(3)


b) General acid – base catalysis





(3)


c) Covalent catalysis







(3)


d) Metal ion catalysis







(3)
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